ABSTRACT: The winter tourism industry has been repeatedly identified as potentially vulnerable to global climate change. Climate change impact assessments of ski areas in Australia, Europe and North America all project negative consequences for the industry. An important limitation of earlier studies has been the incomplete consideration of snowmaking as a climate adaptation strategy. Recognising that snowmaking is an integral component of the ski industry, this study examined how current and improved snowmaking capacity affects the vulnerability of the ski industry in southern Ontario (Canada) to climate variability and change. A 17 yr record of daily snow conditions and operations from a primary ski area in the region was used to calibrate a ski season simulation model that included a snowmaking module with climatic thresholds and operational decision rules based on interviews with ski area managers. Climate change scenarios (2020s, 2050s, 2080s) were developed by downscaling climate variables from 4 general circulation models (using both IS92a and SRES emission scenarios) with the LARS weather generator (parameterized to local climate stations) for input into a daily snow depth simulation model. In contrast to earlier studies, the results indicate that ski areas in the region could remain operational in a warmer climate, particularly within existing business planning and investment time horizons (into the 2020s). The economic impact of additional snowmaking requirements remains an important uncertainty. Under climate change scenarios and current snowmaking technology, the average ski season at the case study ski area was projected to reduce by 0-16% in the 2020s, 7-32% in the 2050s and 11-50% in the 2080s. Concurrent with the projected ski season losses, the estimated amount of snowmaking required increased by 36-144% in the scenarios for the 2020s. Required snowmaking amounts increased by 48-187% in the scenarios for the 2020s. The ability of individual ski areas to absorb additional snowmaking costs and remain economically viable in addition to the relative impact of climate change on other nearby ski regions (Québec, Michigan and Vermont) remain important avenues of further research. The findings reveal the importance of examining a wide range of climate change scenarios and the necessity of including snowmaking and other adaptation strategies in future climate change vulnerability assessments of the ski industry and winter tourism in other regions of the world.
INTRODUCTION
Weather and climate have a strong influence on the tourism and recreation sector (Perry 1997) , including the physical resources that are the foundation of many recreation activities (e.g. health of coral reefs, water levels for boating, and snow cover for skiing) and the length and quality of tourism and recreation seasons. Nonetheless, a number of researchers have lamented that comparatively few investigations have assessed the relationships between climate and tourism (Wall 1992 , Smith 1993 , Perry 1997 , de Freitas 2001 ). As a consequence, the vulnerability of individual recreation industries and tourism regions to climate variability has not been adequately assessed. Despite the growing significance of the tourism industry to the global economy, Smith (1990) , Wall (1992) , Agnew & Viner (2001) , Maddison (2001) , and Scott et al. (2002) expressed concern that understanding of the potentially profound impacts of global climate change on this important economic sector remains equally limited.
The winter tourism industry, in particular, has been repeatedly identified as potentially vulnerable to climate change (Wall 1992 , ACACIA 2000 , IPCC 2001 and has received greater research attention. Climate change impact assessments of ski areas in a number of nations (Australia: Galloway 1988 , König 1998 Austria: Breiling et al. 1997; Canada: McBoyle & Wall 1992; Scotland: Harrison et al. 1999; Switzerland: König & Abegg 1997 , Elsasser & Bürki 2002 all project negative consequences for the industry. An important limitation of these studies has been the incomplete consideration of snowmaking as a climate adaptation strategy. Snowmaking is an integral component of the ski industry and, as Scott et al. (2002) found, can have significant implications for the results of climate change impact assessments.
The objectives of this study were 3-fold. First, daily records of snow conditions and skiing operations for a primary ski area in the study area (southern Ontario, Canada) were examined in order to assess the sensitivity of ski areas to climate variability over a 17 yr period and the importance of snowmaking as a climate adaptation. Second, ski conditions data were used to develop and calibrate a ski season simulation model capable of integrating both current and improved snowmaking capabilities to examine the potential impact of climate change (scenarios for the 2020s, 2050s, and 2080s) on the case study ski area. Third, the study explored how projected impacts on the ski industry differed under the wider range of climate change scenarios based on the IPCC Special Report on Emission Scenarios (SRES) (IPCC 2000) .
METHOD
A schematic for the study methodology is provided in Fig. 1 . The data sources utilized and the methodological procedures are specified sequentially in the remainder of this section.
Study area and skiing data
The Canadian alpine ski industry experienced significant growth from 1985 to 1995. In 1995 there were a total of 252 alpine ski areas operating across Canada and over 1.5 million active skiers during the 1999/2000 season (Canadian Ski Council 2000) . Regionally, the province of Ontario contains the largest proportion of active Canadian skiers (30%). The 40 members of the Ontario Snow Resorts Association (OSRA) reported 3.2 million skier visits during the 2000/01 ski season (M. Minardi, Ontario Snow Resorts Association, Barrie, Ontario, pers. comm. 2001) . Toronto is Canada's largest city and greatest single market of active skiers (Canadian Ski Council 2000) . The Canadian Ski Council (2000) reported that 45% of the skiers in this regional market travel less than 1 h to their ski area destination. Although ski areas near the City of Toronto are not among the internationally known Canadian ski resorts (e.g. Whistler-Blackcomb, Lake Horseshoe Resort is located within a 1 h drive of the City of Toronto and attracts skiers from Toronto who want to ski for the day and return home in the evening ('day trip'). In order to best capture the Toronto daytrip ski market, the resort is known for its efforts to be the first ski area open in the region and the last to close. A CDN-$5 million investment in a snowmaking system in the late 1980s has enabled Horseshoe Resort to consistently have the longest ski season in the region (averaging 124 d from 1980/1981 to 1999/2000) .
Data on the daily ski conditions (including whether the ski area was in operation, snow depth, snow conditions, number of ski runs open, and snowmaking activities) for the winters of 1981/82−1999/2000 was provided by the Ontario Ministry of Tourism, Culture and Recreation.
Climate data and climate change scenario construction
The selection of the climate station for this study was based on 2 considerations: the proximity to Horseshoe Resort ski area, and the length of record and quality of individual climate stations. A complete record of daily temperature (maximum, minimum and mean), precipitation (rain and snowfall) and snow depth data for 1961-1996 (the last year the rehabilitated snow depth data set was available) was obtained for the Orillia climate station (44.37°N, 79.25°W; 220 masl) (Meteorological Service of Canada 1999 Canada , 2000 . Two years with missing climate data during the potential ski season (November to April) were excluded from the 1961-1990 baseline calculations.
The climate change scenarios used in this analysis were obtained from the Canadian Climate Impact Scenarios (CCIS) Project. The scenarios provided by CCIS Project 1 have been constructed using recognised methodologies and in accordance with the recommendations of the Intergovernmental Panel on Climate Change (IPCC) Task Group on Scenarios for Climate Impact Assessment. The scenarios are derived from 30 yr means (2010-2039 corresponding to the scenario for the 2020s, 2040-2069 to the scenario for the 2050s, and 2070-2099 to the scenario for the 2080s) and represent change with respect to the 1961-1990 modeled baseline period. Monthly climate change scenarios from 6 modelling centres (using between 4 and 6 general circulation model [GCM] grid boxes depending on the resolution of the model) and forced with both IS92a and SRES emission scenarios (as available) were obtained for the study area. In order to consider a wide range of possible climate futures, yet limit the number of scenarios used in the analysis to a manageable number, scenarios that represented the upper and lower bounds of change in December-January-February (DJF) mean temperatures and precipitation were selected. The characteristics of the GCMs used in the analysis are outlined in Table 1 , and their mean DJF temperature and precipitation changes are compared in Fig. 2 .
To produce daily temperature and precipitation data for each of the climate change time series (2010-2039, 2040-2069 and 2070-2099) , monthly climate change scenarios from the 6 GCM scenarios (Table 1) were downscaled using the LARS stochastic weather generator (Semenov et al. 1998 ), parameterized to the Orillia climate station using climate data from the baseline period . Stochastic weather generators such as LARS-WG are inexpensive computational tools that produce site-specific, multiple-year climate change scenarios at the daily timescale which incorporate changes in mean climate and climate variability as projected by GCMs (Semenov et al. 1998) .
Temperature and precipitation variables were used to drive a locally calibrated snow depth model that was based largely on methods used to develop the Canadian Daily Snow Depth Database (Brown & Braaten 1999) and Water Balance Tabulations for Canadian Climate Stations (Johnstone & Louie 1983) . This technique involved estimating 3 parameters: (1) amount of precipitation that falls as snow and rain, (2) snow accumulation, and (3) snowmelt. For this analysis a constant snow pack density of 300 kg m -3 was assumed (after Brown & Braaten 1999) . This is an acknowledged compromise, as the density of both natural snow and human-made snow can vary substantially and the ability to vary the density of snow during snowmaking is a considerable asset to ski areas. A US Army Corps of Engineers (1956) equation was used for daily snowmelt calculations:
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where M is snowmelt water (mm d -1 ), k is a locally calibrated snowmelt factor, T is mean daily air temperature (°C); and R is mean daily rainfall (mm). Note: T and R were provided for each future time series (2010-2039, 2040-2069, 2070-2099) by output from the LARS weather generator.
The validity of the approach was tested using observed data from the 1980-1990 period at the Meteorological Service of Canada primary climate station in the study region (Muskoka station). The performance of the snow cover model versus observed snow depth at the Muskoka station is presented in Fig. 3 . The snow cover model tended to have a deeper snow pack in the spring than the observed record. This is in part attributed to increased solar radiation in late March and early April. This over-prediction was not deemed problematic for this analysis as it occurs late in the ski season, when the ski areas in the study area have accumulated a large snow pack (usually 75 cm of packed natural and human-made snow) and rely on this 'banked' snow during late-season operations. Typically, the demand for spring skiing in the study area wanes before the snow pack is exhausted.
To complete the ski area snow conditions modelling component, a snowmaking module was integrated with the snow depth model. The estimated technical capacities (e.g. minimum temperature at which snow can be made economically) and decision rules for the snowmaking module (e.g. when to start making snow to begin the ski season) were derived from communications with ski industry stakeholders in the study area and are summarized in Table 2 . Anticipating technological improvements in snowmaking systems, the study also parameterized a snowmaking module with improved snowmaking capacities ( Table 2) .
With a vertical drop of less than 100 m (base = 312 masl, summit = 406 masl) differences in climate and snowmaking conditions at the top and bottom of the ski area were assumed to be minor and not modeled separately in this analysis.
Ski season simulation model and calibration
A number of climatological thresholds that define a 'skiable day' were identified in a literature review (Crowe et al. 1973 , Lamothe & Periard 1988 . After comparing the thresholds against observed ski conditions and ski area operational activity in the study area, it was determined that these climatic thresholds were unsatisfactory for simulating ski seasons in the study area (Scott et al. 2002) . In some cases, snow depth thresholds were unrealistic (e.g. 2.5 cm in Crowe et al. 1973) . The thresholds for minimum and maximum temperature and precipitation were also exceeded frequently in the observed data. This is in part explained Although 30 cm is the preferred minimum operational snow base and the climate suitability threshold used to simulate ski season length, ski areas in the study region produce a thicker snow base (usually 50−75 cm) early in the ski season in order to have a reserve of snow in case of poor weather conditions (high temperatures, rain) later in the ski season. To emulate this management strategy, the snowmaking module was designed to maintain a 50 cm snow base until the end of March (after the economically important 'March-break' school holiday period in the study area) attempting to model the ski season (which is a socioeconomic system) with only climate suitability criteria is the inability to account for business decision-making variables that also influence ski area operations. For example, ski area managers may not always abide by the decision-making rules that define our snowmaking module and decide to open the ski area with less than the preferred 30 cm snow base because a competitor has opened. Although we are able to qualitatively describe these potential sources of error in the methodology, we have not yet been able to quantify the degree of uncertainty associated with this modelling approach.
CURRENT CLIMATE SENSITIVITY AND ADAPTATION
The following regional newspaper headlines are illustrative of the sensitivity of the skiing industry in the study area to inter-annual climate variability: 'Warm temps killing ski season' (13 December 1998), 'Ski operators take big hit with warm weather' (29 March 2000), 'Skiing bonanza: early snow boosts Ontario resorts' (28 December 2000), 'Praying for a white Christmas: Warm weather has ski resort operators worried' (4 December 2001).
In order to reduce their vulnerability to climate variability, well-capitalized ski areas in the region have made multi-million dollar investments in snowmaking technology. As of 1977, only half of Ontario's ski areas had any type of snowmaking system in place (Lynch et al. 1981) . However, in response to the poor ski seasons of 1979/1980 and 1982/1983 , most ski areas made substantial improvements to their snowmaking systems during the mid-to late 1980s. The former director of the Ontario Snow Resort Association emphasized the importance of snowmaking in the region when he stated (MacDonald 1988), 'If we had to rely on snow from the heavens, the ski industry would be bankrupt.' All of the ski areas in the region now have 100% snowmaking coverage of skiable terrain. This situation is similar to other non-alpine regions of Canada. All ski areas in the provinces of Québec and New Brunswick have snowmaking systems, although the proportion of skiable terrain covered by snowmaking varies (usually in the 50 to 90% range). However, the use of snowmaking is very different in alpine regions of Canada (the provinces of Alberta and British Columbia), where only 50 to 75% of ski areas have snowmaking systems and the proportion of skiable terrain covered is much lower.
The importance of snowmaking to Horseshoe Resort ski operations is clearly revealed in Fig. 4 , where the recorded natural snow depth at the Orillia climate station is compared with the reported snow depth (composed of natural snow fall plus snowmaking) at the nearby Horseshoe Resort ski area. While some difference in snow depth could be the result of slightly different climatic conditions between the climate station and ski area, if this were the case, then one would expect to find periods where the ski area would have less snow. This is never the situation, and because we have documented records of snowmaking activity, we are confident that the majority of the difference in natural snow depth and snow depth at the ski area represents snowmaking activity. In the years illustrated, the absence of snowmaking would have meant that the preferred 30 cm snow base (solid line in Fig. 4 ) for ski operations would have been achieved for only a very short time. The economic viability of the ski area during these low snowfall winters would have been questionable without snowmaking systems. The multi-million dollar investment in snowmaking extended the period with an operational 30 cm snow base at the Horseshoe Resort ski area by 33 to 830% during the 1980s and 1990s. Horseshoe Resort now has sufficient snowmaking capacity to make all of its ski runs operational (from a zero snow condition to a skiable base) with approximately 5 d of suitable temperatures.
CLIMATE CHANGE IMPACT ASSESSMENT
As indicated in Fig. 1 , monthly temperature and precipitation climate change fields from GCMs were downscaled with the LARS weather generator (parameterized to local stations) to provide daily temperature and precipitation inputs into the snow cover model. When run without the snowmaking module, analysis of the modelled natural snow regime in the study area (days with snow cover and days with greater than 30 cm snow depth) revealed important changes under each of the climate change scenarios. The number of modelled days with a natural 30 cm snow base at Orillia climate station declined from an average of 71 in the modeled 1961-1990 baseline period to 7-43 in the 2020s, 3-26 in the 2050s and 1-14 in the 2080s. While the depth of the snow base is only 1 climate suitability parameter used in ski season analysis, it is the most significant. As important as snowmaking was shown to be for the current viability of the ski industry in the study area (Section 3), the reduction in the number of days with a natural snow base of 30 cm suggests that by the 2020s the viability of the ski industry in the region would be in question without snowmaking. That was the conclusion of earlier studies that examined the potential impact of climate change on the ski industry in the region. In their analysis in the late 1980s and early 1990s, McBoyle & Wall (1992) and Ordower (1995) projected 40 to 100% losses in the average ski season under 2 doubled carbon-dioxide (CO 2 ) equilibrium GCM scenarios. These studies were not able to account for the impact of the large investments in snowmaking systems that were taking place at the time. Today, the incorporation of snowmaking is a necessity for a robust climate change impact assessment of the ski industry in the study region. The projected impact of climate change on the length of average ski season and snowmaking requirements at the Horseshoe Resort ski area differed substantially among the range of climate change scenarios selected for this analysis (Tables 3 &  4) . Unlike previous climate change impact studies of the skiing industry, this analysis was able to examine the impact of climate change scenarios for the early decades of this century, which are most relevant to business planning and investment time frames. In the 2020s, the HadCM3-B2 scenario projected that with current snowmaking technology there would be no change to the average ski season (relative to the 1961-1990 baseline) and relatively little additional snowmaking required (136% of 1961-1990 baseline) . The HadCM3-B2 scenario projects the least DJF warming in the study area of all the GCMs considered, with precipitation increases that help offset additional snow melt from slightly warmer average temperatures (Fig. 2) . At the other end of the range of climate change projections for the 2020s, the warmer CGCM1-IS92a scenario projected a 16% reduction in the average ski season and a 144% increase in the amount of snowmaking required. With improved snowmaking technology (Table 2) , the ski season loss in the 'worst-case' CGCM1-IS92a scenario for the 2020s could be only 8% with an approximate tripling (287% of 1961-1990 baseline) in the amount of snow produced by snowmaking.
Although the CCSR-IS92a and CSIRO-A2 scenarios projected similar DJF warming as CGCM1-IS92a, the substantial increase in DJF precipitation in these 2 scenarios (20 and 16%, respectively) offset projected ski season losses and additional snowmaking requirements.
Regardless of the climate change scenario, average ski seasons continue to shorten as the magnitude of climate change increases in the latter decades of the 21st century ( change scenarios on the ski season and snowmaking requirements also becomes much more pronounced in the 2050s and 2080s, with 2 distinct futures emerging. Throughout each time period, the HadCM3-B2 scenario remains the 'best-case' scenario, with only an 11% reduction in the length of the average ski season by the 2080s (only a 4% reduction with improved snowmaking technology). The other climate change scenario driven with the SRES-B2 emission scenario (CGCM2-B2) projected slightly larger, but comparable, losses in average ski seasons in the 2080s (19% with current snowmaking technology and only 11% with improved snowmaking technology in place). The 4 remaining climate change scenarios driven with IS92a and SRES-A2 emission scenarios (CGCM1-IS92a, HadCM3-IS92a, CCSR-IS92a and CSIRO-A2) projected a distinctly different and more challenging future for the ski industry in the study area. With current snowmaking capabilities, these 4 climate change scenarios projected a 37 to 50% reduction in the average ski season in the 2080s (Table 3) . Additional snowmaking requirements more than tripled in each of these 2080s scenarios (ranging from 312 to 401% of the 1961-1990 baseline). With improved snowmaking capabilities, projected losses in the average ski season in the 2080s were reduced to 26−39% under these same 4 climate change scenarios. The estimated additional snowmaking requirements increased to between 425 and 542% (relative to the 1961-1990 baseline). Assuming no change in snowmaking capabilities, the probability of a 12 wk ski season in the 2020s remained 100% in all climate change scenarios except the CGCM1-IS92a and HadCM3-IS92a scenarios, where the probability dropped to 93 and 97%, respectively (though both became 100% with improved snowmaking capabilities). By the 2050s, the probability of a 12 wk ski season with current snowmaking capacities remained 100% in only the 2 SRES-B2-driven scenarios (HadCM3-B2 and CGCM2-B2). With improved snowmaking capabilities, 3 of the 4 remaining scenarios achieved 100% probability in the 2050s. The relatively drier CGCM1-IS92a scenario was the exception, with only an 83% probability using improved snowmaking capabilities. The differentiation between the SRES-B2 driven scenarios and the other scenarios was very prominent in the 2080s. The SRES-B2 scenarios achieved a 12 wk ski season every year, while the probability among the other 4 scenarios dropped to between 31% (CSIRO-A2) and 69% (HadCM3-IS92a). It would appear that by the 2080s, an important vulnerability threshold is surpassed in the IS92a and SRES-A2 driven scenarios, where projected warming can no longer be offset by increased winter precipitation or improved snowmaking capabilities. In the 'worst-case' CSIRO-A2 scenario, the probability of achieving a 12 wk ski season with current snowmaking capacities declined from 90% in the 2050s to 0% in the 2080s. With improved snowmaking capacity the probability declined from 100% in the 2050s to 31% in the 2080s.
DISCUSSION
The findings of this study were consistent with previous climate change impact assessments of the skiing industry, in that the scenarios utilized indicate an increasingly challenging business environment for the ski industry under climate change. In contrast, however, the magnitude of the projected climate change impact was substantially diminished relative to previous studies because the research was able to incorporate snowmaking as a climate adaptation and examine a wider range of climate futures (SRES) that only recently became available through the IPCC and international climate modelling centres. In this study, approximate doubled-atmospheric CO 2 equivalent scenarios (2050s) reduced the average ski season with current snowmaking capabilities between 7% (HadCM3-B2) and 32% (CGCM1-IS92a) and 1% (HadCM3-B2) and 21% (CGCM1-IS92a) with improved snowmaking capabilities. These scenarios are more optimistic than earlier studies that estimated a 40 to 100% loss of the ski season in the study area under doubled-CO 2 conditions (McBoyle & Wall 1992 , Ordower 1995 . The findings clearly demonstrate the importance of snowmaking as a climate adaptation and that the value of investments in snowmaking systems will only increase under climate change. These more optimistic findings must be tempered with the possibility that the extra costs of making additional amounts of snow at warmer average temperatures (which increases the energy use and cost of snowmaking) may reach a threshold that becomes uneconomic. The different vulnerability of the ski season to the range of climate change scenarios illustrated that achieving an SRES-B2 world future is in the best interest of the ski industry in this region of Canada. Characterized by increased concern for environmental and social sustainability, the SRES-B2 scenario is among the lower estimates of projected global climate change (see IPCC 2000 for a full explanation of the SRES scenarios) and for this reason, this scenario is also in the interests of the global skiing and winter tourism industry as well. Programs such as the 'Sustainable Slopes Charter' of the National Ski Areas Association 2 in the United States should be further promoted as part of a near-term global climate change mitigation response by the global skiing industry. Innovative initiatives such as Aspen Skiing Company's 3 corporate policy statement on climate change and related program of energy efficiency retrofits are to be particularly encouraged.
While this study made important advances in terms of understanding the importance of snowmaking as a climate adaptation by ski areas in southern Ontario (Canada), a number of additional areas of inquiry are required in order to understand more fully the vulnerability of the skiing industry in this region to climate change. To determine the net economic impact of climate change at Horseshoe Resort and other regional ski areas would require a more detailed analysis of several factors, including the following: the costs of additional snowmaking; the relative impact of climate change on competitors and resultant changes in intraand inter-regional skiing market share; how adaptation by skiers could alter skiing demand; and the effect of other adaptation strategies such as business diversification and weather derivatives/insurance.
Snowmaking costs represent a significant share of operating expenses at ski areas in Southern Ontario and elsewhere in North America. The cost of snowmaking varies at individual ski areas on the basis of the efficiency of the snowmaking system in place, electricity and human resources costs, and climatic conditions (temperature, humidity, wind). Ski area managers have the detailed knowledge of their ski operations necessary to determine whether projected increases in snowmaking operational costs or additional investments in snowmaking infrastructure are economical. Assessments of the implications of climate change for ski area operations and infrastructure investments are likely to become more common as ski area managers in the study area indicated that financial institutions have begun to discuss climate change during financing negotiations. The 2020s scenarios developed in this study have been positively received by ski industry stakeholders, as they are more relevant to their business planning and investment time horizons than the previously available doubled-CO 2 (~2050s) scenarios.
To assess the business impact of climate change at any ski area in southern Ontario, the relative impact of climate change on neighbouring winter recreation destinations will also need to be examined. Climate change is likely to alter the competitive relationship between ski areas in the region, as some will be climatically advantaged (higher elevation, north-facing slopes, lower average humidity) or better able to adapt (more advanced and efficient snowmaking system, more diversified business operations, better capitalized). The potential elimination of competitors would increase market share for remaining ski areas in the region. This is equally true of competitive relationships between larger ski regions. If the magnitude of climate change impacts in Québec, Michigan and Vermont are such that more Ontario skiers stay within the province or skiers from those regions increasingly visit Ontario, the market share of Ontario ski areas may increase despite slightly reduced ski seasons. Further analysis of the potential impact of climate change on the major ski areas of North America is required for insight into the potential economic impact of climate change for the ski industry and winter tourism patterns.
Another important issue related to additional snowmaking requirements projected in this analysis is the continued availability of suitable water supplies. The major ski areas in the study area have typically developed on-site reservoirs or have access to other large sources of water (e.g. the Blue Mountain ski area has built a pipeline to Lake Huron, one of the 5 Great Lakes). Water used to make snow for ski areas melts and returns to the same watershed in spring, so that the only net water withdrawal is through evaporative losses. Consequently, the impact of additional snowmaking in the future is not seen to be a critical water resource issue in this region and less of a concern than additional irrigation requirements for golf courses, for example. Water resource allocation for snowmaking is, however, a more salient issue for other areas of Canada and for international alpine ski regions.
The current understanding of how recreational users and tourists respond to climate variability (whether or not to participate or purchase equipment, activity substitution, use patterns, destination choice) is very limited. Only König (1998) has explored the potential impact of climate change for skiing demand. Skiers of different skill levels indicated they would respond differently to projected climate change impacts on ski areas in Australia (König 1998) . Half of high-skill skiers indicated they would travel to other locations in the world for quality skiing conditions. Only 18% of low-skill skiers would incur the expense of international travel to ski, and a similar number (16%) indicated they would give up skiing altogether if the impact scenario provided to them occurred. The potential response of Ontario skiers to projected changes in ski season length and snow conditions is an important uncertainty. For example, if people adjust their recreational behaviour and ski more frequently in a shorter season, business revenues could remain the same or increase even with a shortened ski season. Additional research on the impacts of climate change for recreation and tourism demand is required to improve estimates of the potential economic impact within the ski industry.
Business diversification is an important climate adaptation strategy for ski areas. Horseshoe Resort has transformed itself from a ski resort to a 4-season resort operation by diversifying into golf and other summerseason recreation. In order to examine the net economic impact of changes in the ski season and higher snowmaking costs on the resort, these impacts would have to be considered in the context of overall resort operations. For example, increased revenues from an extended golf season might offset any potential losses related to reductions in the ski season.
Another important adaptation strategy that ski areas should consider strongly is the emerging market for weather derivatives and weather insurance (Conley 1999 , Zeng 2000 . A weather derivative is essentially a contract between 2 parties that stipulates what payment will occur as a result of the meteorological conditions that occur during the contract period specified. Weather derivatives are highly flexible instruments that can be based on a wide range of meteorological variables (temperature, precipitation, sunshine, snow and ice conditions) and temporal periods (a 1 wk festival or recreational event, weekends during the summer months, the ski season, etc.). Weather-derivative contracts can be structured to reduce the weatherrelated risk of a range of tourism and recreation businesses. For example, a ski area could establish a weather-derivative contract based on a specified number of days in the critical Christmas-New Year period with adequate snowmaking temperatures or amount of natural snowfall.
Climate variability and change is a challenge to the tourism industry that has not been adequately assessed. The emergence of the weather-derivative market to reduce weather-related business risks and the consideration of climate change by financial institutions during financing negotiations with winter tourism operators may signal a short-term need to better understand the vulnerability of winter recreation and tourism to climate variability and change, and to facilitate necessary collaboration between the tourism industry and applied climatologists.
